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AB   Antibody 
ACTB   Actin, beta 
Amg   Amygdala 
AMPA  α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
BD   Bipolar disorder 
BLA   Basolateral amygdala 
BSA   Bovine serum albumin 
cbr   Calibrator sample 
CB1   Cannabinoid receptor 1 
CCK   Cholecystokinin 
Ceb   Cerebellum 
Cing   Cingulate cortex area 
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CS   Conditioned stimulus 
CUB   Complement C1r/C1s, Uegf and Bmp1 
dHPC   Dorsal hippocampus 
DKO   Double-knockout 
DLG4   Discs large MAGUK scaffold protein 4         (also known as PSD-95) 
DTT   Dithiothreitol 
GABA  γ-aminobutyric acid 
GAD   Generalised anxiety disorder 
GRIK1-5  Glutamate receptor, ionotropic, kainate 1-5    (also known as GluK1-5) 
GRIP   Glutamate receptor binding protein 
H   Homogenate 
HPC   Hippocampus 
HRP   Horse radish peroxide 
Hyp   Hypothalamus 
IL   Infralimbic area 
IVC   Individually ventilated cage 
KAR   Kainate receptor 
KCC2   K+-Cl− cotransporter 
KO   Knock-out 
Lad   Prestained Protein Ladder 
LD   Loading dye containing a reducing agent 
LDLa   Low-density lipoprotein class A 
MPB   Myelin basic protein 
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mPFC  Medial prefrontal cortex 
NETO1/2  Neuropilin and tolloid-like 1 and 2 
NMDA  N-methyl-D-aspartate 
OCD   Obsessive compulsory disorder 
Olf   Olfactory bulb 
PDZ Postsynaptic density protein-95, drosophila disc large tumour 
suppressor, and zonula occludens-1 protein 
PL   Prelimbic area 
PSD   Postsynaptic density 
PTSD   Posttraumatic stress disorder 
PV   Parvalbumin 
P1-4   Pellet 1-4 
SDS   Sodium dodecyl sulfate 
SOM   Somatostatin 
SYN   Synaptosomal 
SYP   Synaptophysin 
S1-3   Supernatant 1-3 
TBS(-T)  Tris-buffered saline (with 0.1% TWEEN® 20) 
TGS   Tris/Glycine/SDS 
Tha   Thalamus 
US   Unconditioned stimulus 
vHPC   Ventral hippocampus 





1.1. Fear and anxiety 
 
Fear has evolutionarily contributed to the survival of our species. It is the emotional 
response to a real or perceived imminent threat that usually triggers the autonomic 
fight-or-flight response and escape behaviours in order to cope with the adverse or 
unexpected situation (American Psychiatric Association 2016). Anxiety, on the other 
hand, is a sustained fear in the anticipation of a future threat (American Psychiatric 
Association 2016). When anxiety becomes excessive and chronic, it can be a life altering 
condition. Anxiety- and fear-related disorders, including generalised anxiety disorder 
(GAD), panic disorder, phobias, posttraumatic stress disorder (PTSD) and obsessive 
compulsory disorder (OCD), are the most frequent mental disorders in the EU 
population (Wittchen et al. 2011). The excessive fear and/or anxiety underlying these 
disorders are often stress-induced (American Psychiatric Association 2016) and may 
develop through associative fear learning (Maren & Holmes 2016). Thus, treatment of 
these disorders includes extinction learning of the acquired fear through behavioural 
therapies, such as exposure therapy (Maren & Holmes 2016). Understanding the 
excessive fear and its extinction on a biological level can reveal more specific 
therapeutic targets in order to correct the maladapted fear-processing network instead 
of just treating the symptoms. 
Hippocampus (HPC), amygdala and medial prefrontal cortex (mPFC) are known to play 
an important role in anxiety regulation, and in fear expression and memory in human 
and rodent (Maren & Holmes 2016) (Figure 1). The HPC is important for the 
representation of the context of fearful memories and is known to be implicated in fear 
disturbance disorders such as PTSD (Maren & Holmes 2016). Notably, the dorsal (dHPC) 
and ventral part (vHPC) (Figure 1) of the HPC play different roles in the brain. The dorsal 
part is important for spatial cues and contextual memories (i.e. memory of the 
environment) and the ventral part is crucial for emotionally connoted memory such as 
fear memory (Strange et al. 2014). Amygdala is the centre of emotional learning, 




Figure 1. Fear-related brain regions in human and mouse. A & B Hippocampus is coloured green, 
amygdala is coloured orange, and (A) prefrontal cortex and (B) medial prefrontal cortex are coloured 
blue. The dorsal-intermediate rodent hippocampus is homologous with the posterior human 
hippocampus and the ventral rodent hippocampus is homologous with the anterior human 
hippocampus. A. Human brain figure adapted from Maren & Holmes (2016) and B. mouse brain 
figure modified from Spijker & Li (2011). 
situations, extensively modelled by the fear conditioning paradigm (Maren & Holmes 
2016) (Figure 2). Amygdala clearly initiates fear conditioning and extinction (Maren & 
Holmes 2016, Marek et al. 2018). It is also involved in generating freezing behaviour 
(total immobility apart from breathing), which is a natural response by rodents to fearful 
situations, through an amygdala-midbrain-medullary circuit (Tovote et al. 2016). Finally, 
mPFC connects to both HPC and amygdala, and plays an important role in fear 
 
Figure 2. Fear conditioning paradigm with shock and tone cue. A. A mouse is trained to associate a 
naturally fear-inducing footshock stimulus (unconditioned stimulus, UC) to a neutral tone stimulus 
(conditioned stimulus, CS). Fear expression, as measured by freezing behaviour, to B. physical 
context and to C. tone cue (i.e. CS) are tested separately. D. Fear response extinction, i.e. extinction 
of the previously acquired fear, is tested with multiple tone cue presentations. Figure mouse and 
megaphone adapted from Maren & Holmes (2016). 
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conditioning and extinction (Maren & Holmes, 2016). The reigning view is that the 
prelimbic area (PL) drives expression of conditioned fear, such as freezing behaviour, 
while the infralimbic area (IL) is involved in generating extinction memories (Maren & 
Holmes 2016, Marek et al. 2018). Neuronal projections from the basolateral nucleus 
(BLA) of the amygdala to these two areas are recruited for fear conditioning and 
extinction (Maren & Holmes, 2016). 
 
1.2. Kainate receptors 
 
Kainate receptors (KARs) are ionotropic glutamate receptors assembled from a 
combination of subunits GRIK1-GRIK5 into tetramers (Figure 3). GRIK1-GRIK3 are low-
affinity subunits that can form homomers, while GRIK4 and GRIK5 are high-affinity 
subunits that make functional receptors only when combined with low-affinity subunits 
(Evans et al. 2017). KAR subunits have a very distinct distribution in the brain, restricted 
to specific neurons and synapses (Straub et al. 2011, Tomita & Castillo 2012, Sheng et 
al. 2017). Nevertheless, Grik1-5 genes are expressed throughout the brain (Allen Brain 
Institute 2018, Watanabe-Iida et al. 2016). KARs are found at both pre- and postsynaptic 
membranes (Lerma J. 2003, Isaac et al. 2004, Sheng et al. 2017) (Figure 3). They 
modulate transmitter release presynaptically at both excitatory and inhibitory synapses 
(Lerma J. 2003, Zhou M. 2017) (Figure 3) and they also modulate intrinsic neuronal 
excitability postsynaptically and extrasynaptically (Pinheiro & Mulle 2006, Contractor et 
al. 2011, Tomita & Castillo 2012, Griffith & Swanson 2015, Wyeth et al. 2017). 
Interestingly, variants in KAR subunit genes have been associated with psychiatric 
disorders in human, e.g. GRIK2 variants associate with OCD (Mattheisen et al. 2015) and 
GRIK5 variants associate with bipolar disorder (BP) (Gratacòs et al. 2009). GRIK2 is also 
a potential susceptibility gene for BP (Shaltiel et al. 2008). Moreover, changes in anxiety-
like behaviour have been observed in Grik1 and Grik4 subunit knock-out (KO) mice. 
GRIK1 absence or inhibition locally in BLA increased anxiety (Wu et al. 2007), while Grik4 
ablation reduced anxiety and promoted an antidepressant-like behaviour (Catches et al. 
2012). Furthermore, Grik2 is important for fear memory in mice, i.e. Grik2 KO mice 
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showed reduced freezing at 1, 3, 7 and 14 days after training in fear conditioning 
paradigms to both cue and context (i.e. environment) compared to wild-type (WT) mice 
(Ko et al. 2005). 
 
Figure 3. Kainate receptors at synaptic sites. Illustration of an excitatory (glutamatergic) and an 
inhibitory (GABAergic) synapse where KARs are present at either pre- or postsynaptic sites or at both 
sites. Synaptophysin (SYP) and DLG4 are well-known markers for pre- and postsynaptic regions, 
respectively. Synapses modified from Lerma J. (2003) and NETO protein modified from Copits & 
Swanson (2012). AMPA: α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid, NMDA: N-methyl-
D-aspartate, GABA: γ-aminobutyric acid. 
In conclusion, KARs are important modulators of neuronal activity and disruption in 
KAR-mediated modulation could be sufficient to give rise to a variety of neuropsychiatric 
symptoms.  
 
1.3. NETO proteins 
 
Neuropilin and tolloid-like proteins NETO1 and NETO2 are homologous transmembrane 
CUB (complement C1r/C1s, Uegf and Bmp1) domain-containing proteins (Griffith & 
Swanson 2015) (Figure 4) expressed widely in the brain, including in the fear-related 





Figure 4. Structure of NETO1 and NETO2.  
NETOs bind to KARs through their CUB 
domains (Tang et al. 2011). Figure adapted 
from Copits & Swanson (2012). CUB: 
Complement C1r/C1s, Uegf and Bmp1; LDLa: 
low-density lipoprotein class A; PDZ ligand: 
binds PDZ domain-containing proteins (PDZ 
from postsynaptic density protein-95, 
drosophila disc large tumour suppressor, and 
zonula occludens-1 protein). 
preparation; Ng et al. 2009). Moreover, a recent study has shown that they are both 
expressed in different interneuron populations in hippocampus (i.e. somatostatin 
[SOM]-, cholecystokinin/cannabinoid receptor 1 [CCK/CB1]- and parvalbumin [PV]-
expressing neurons) together with Grik1, Grik2 and Grik5 KAR subunits (Wyeth et al. 
2017). NETO proteins were recently discovered as auxiliary subunits of KARs (Zhang et 
al. 2009). They associate with KARs in vivo as demonstrated by co-immunoprecipitation 
experiments (Zhang et al. 2009, Straub et al. 2011, Tang et al. 2011, Tang et al. 2012).  
Additionally, NETO1 also associates with N-methyl-D-aspartate receptors (NMDARs) (Ng 
et al. 2009, Cousins et al. 2013), while NETO2 associates with the neuron-specific K+-Cl− 
cotransporter KCC2 (Ivakine et al. 2013). In relation to NMDAR, Neto1 KO mice were 
found to have impaired hippocampal-dependent spatial learning, as concluded from 
Morris water maze task and pharmacological rescue experiments (Ng et al. 2009). Neto2 
KO mice are more susceptible to seizures in correlation with decreased GABAergic 
inhibition and reduced KCC2 surface levels (Mahadevan et al. 2015).
NETO proteins modulate KAR biophysical properties in a receptor subunit- and NETO 
isoform-dependent manner (Fisher & Mott 2012, Fisher J.L. 2015, Griffith & Swanson 
2015). For example, they modulate KAR deactivation and desensitisation rates, modal 
gating, agonist sensitivity, and neuronal localisation (Zhang et al. 2009, Copits et al. 
2011, Straub et al. 2011, Tang et al. 2011, Tang et al. 2012, Fisher & Mott 2013, Wyeth 
et al. 2014, Palacios-Filardo et al. 2014, Zhang et al. 2014, Sheng et al. 2015, Fisher J.L. 
2015, Griffith & Swanson 2015, Lomash et al. 2017). Interestingly, NETO1 has been 
shown to have a role in development, specifically regulating the hippocampal 
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glutamatergic connectivity through regulation of axonal KARs (Orav et al. 2017). Also, 
NETO proteins seem to regulate KAR subunit synaptic targeting (Copits et al. 2011, Pahl 
et al. 2014, Palacios-Filardo et al. 2014, Wyeth et al. 2014, Sheng et al. 2015, Evans et 
al. 2017, Lomash et al. 2017). Recent studies have shown that postsynaptic abundance 
of GRIK2 subunit is regulated by NETO2 in the cerebellum (Tang et al. 2012) and by 
NETO1 in the hippocampus (Tang et al. 2011), while the overall GRIK2, and additionally 
GRIK5, protein level in these two brain regions is unaffected by NETO2 and NETO1 
absence, respectively (Tang et al. 2011, Tang et al. 2012).  
To conclude, in line with KAR involvement in anxiety- and fear-related phenotypes and 
as an important modulator of KAR functions, NETOs may also regulate anxiety and fear 
in mammals. 
 
1.4. Motivation, hypothesis and aims 
 
There are currently no publications on anxiety- and fear-related behaviours in Neto KO 
mice. Previous behavioural experiments carried out in the Hovatta group revealed 
higher fear expression and impaired fear extinction using the cued fear conditioning 
paradigm (Figure 2) in Neto2 KO mice compared to their WT littermates (Mennesson et 
al, manuscript in preparation). In this same paradigm, Neto1 KO mice did not express 
any behavioural differences from the WT mice. Consequently, this motivated us to 
investigate the molecular basis of the Neto2 KO fear phenotype. 
We hypothesised that absence of NETO2 reduces KAR subunit protein levels at the 
synapses of fear-related brain regions, i.e. vHPC, amygdala and mPFC (Figure 1). We 
specifically investigated GRIK2/3 and GRIK5 levels, as antibodies are available only for 
these subunits, in the subcellular synaptosomal fraction (containing both pre- and 
postsynaptic regions) in Neto2 WT versus KO mice.  
The aims of this thesis project were the following: 
 To optimise the synaptosomal enrichment method using differential centrifugation 




 To investigate if Neto2 WT and KO mice differ in synaptosomal KAR subunit 
abundance of fear-related brain regions and cerebellum 
 
 
2. Materials and methods 
 
2.1. Animals and brain dissection 
 
Neto2 WT and KO mice used for this study were of mixed background of C57Bl/6J and 
C57Bl/6N strains and were a gift from prof. R.R. McInnes (McGill University, Montréal, 
QC, Canada). Animals were maintained by the Laboratory Animal Centre (LAC) of the 
University of Helsinki. They were group housed in individually ventilated cages (IVCs) in 
a 12 h light/dark cycle (6am-6pm light ON) with food and water present ad libitum. 
Animal use for tissue collection was approved by LAC internal licence KEK16-011 and 
carried out in accordance with directive 2010/63/EU of the European Parliament and of 
the Council, and with the Finnish Act on the Protection of Animals Used for Science or 
Educational Purposes (497/2013). 
Brain tissue samples were obtained from 12 weeks old male and female Neto2 WT (n = 
29) and KO (n = 21) mice. Most of the dissections were performed by Marie Mennesson 
(PhD student, co-supervisor of this thesis) during 2016-2017 but I dissected the last 
group of mice in August 2017. Rapidly after dislocation, mouse brain was extracted, 
rinsed with ice-cold phosphate-buffered saline (PBS) (137 mM NaCl , 2.7 mM KCl, 8.1 
mM Na2HPO4 2H2O, 1.76 mM KH2PO4, pH = 7.4) and placed in a brain block. Micropunch 
dissection method was used to obtain mPFC and amygdala. Briefly, brain slices were 
obtained by insertion of stainless steel blades inside of the brain block (Figure 5A and 
5B, zero blade inserted at the anterior part of the hypothalamus or Hyp). Dissection of 
mPFC was done from the two brain slices between blades +3 and +1 (Figure 5C, 
prelimbic/infralimbic area and cingulate cortex) and amygdala from one brain slice 
between blades 0 and -2 (Figure 5D).  Brain slices were briefly frozen using dry ice and 
punched with a 16 gauge needle (Figure 5C and 5D). Punches were carefully transferred 
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into safe-lock tubes and immediately snap frozen in liquid nitrogen. After that, vHPC and 
cerebellum were extracted from the remaining part of the brain and snap frozen the 
same way. Tissue samples were stored at -80°C.  
 
Figure 5. Dissection of the mPFC and amygdala using the micropunch method. A. Mouse brain atlas 
sagittal section and B. brain block showing the locations of inserted blades to obtain the brain slices 
used for micropunch dissection. Medial prefrontal cortex (mPFC) was obtained from two slices 
between +3 and +1 (marked in red in A) and amygdala from one slice between 0 and -2 (marked in 
purple in A). C. mPFC subregions (i.e. prelimbic and infralimbic area and cingulate cortex; marked in 
red on a mouse brain atlas coronal section) were obtained from two punches in 1 mm thick brain 
slices (i.e. one punch per slice). D. Amygdala nuclei (marked in purple on a mouse brain atlas coronal 
section) were obtained from two punches in a 2 mm thick brain slice (i.e. one punch per hemisphere). 
This figure is modified from Marie Mennesson’s dissection protocol (unpublished). Mouse brain atlas 
figures are adapted from Franklin & Paxinos (2007). Olf: olfactory bulb, Cx: cerebral cortex, HPC: 
hippocampus, Ceb: cerebellum, Tha: thalamus, Hyp: hypothalamus, PL: prelimbic area, IL: infralimbic 




2.2. Subcellular fractionation 
 
While being blind to genotype, frozen brain tissues were transferred into Precellys24 
tubes together with 500 µL ice-cold buffer A (0.32 M sucrose, 4 mM HEPES and protease 
cocktail, pH = 7.4) and homogenised using Precellys24 tissue homogeniser (Bertin 
Instruments, Montigny-le-Bretonneux, France) at a speed of 5,000 RPM for 30 s. To 
preserve proteins from degradation, phosphatase inhibitors were added to the 
homogenised samples (1:100, Sigma-Aldrich, St. Louis, MO, USA) prior to a 30 min 
incubation on ice. From the resulting homogenate (H), 50 µL were collected as H fraction 
sample (stored at -80°C) and the rest underwent differential centrifugation as previously 
described to obtain enriched synaptosome fraction (Maccarrone & Filiou, 2015) (Figure 
6). Ultracentrifugation steps were carried out in the Center for Virus and 
 
Figure 6. Differential centrifugation and ultracentrifugation for subcellular fractionation. 
A. Centrifugation of brain tissue homogenate (H) was followed by retainment of supernatant S1 and 
re-suspension of pellet P1 with buffer A, which underwent the same centrifugation step once more. 
Obtained S2 and S1 were combined (S) and P2 was discarded (containing nuclei and cell debris). After 
S centrifugation step, S3 was removed and P3 (containing membrane fraction with intact 
synaptosomes) was re-suspended in 0.32 M sucrose in 6 mM Tris (pH = 8.0). B. Re-suspended P3 was 
laid on top of a discontinuous sucrose density gradient (darkest to lightest blue represent 1.2 M, 0.8 
M and 0.32 M sucrose in 6 mM Tris, pH = 8.0) and ultracentrifuged. The resulting synaptosomal (SYN) 
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cloud present at the 0.8 M/1.2 M interphase was adjusted to 5 mL with Milli-Q® (MQ) water for the 
next ultracentrifugation step. Obtained P4 was re-suspended in MQ water, representing the final 
enriched SYN fraction used for western blot. All centrifugations were run at +4°C.  Schematic 
Eppendorf tube modified from Meow (2012) and schematic test tube modified from Pray_For_Eliza 
(2011). 
Macromolecular Complex Production (IVCR, Viikinkaari 9, University of Helsinki, 
Helsinki, Finland), currently called Biomolecular Complex Purification (Biocomplex). 
Concerning mPFC and amygdala, punches from 2 to 5 animals of the same sex and 
genotype were pooled to ensure adequate protein concentration of the samples for 
western blot (Table 1). Cerebellum and vHPC samples were not pooled for synaptosomal 
(SYN) western blots (Table 1) or for the SYN protein enrichment western blots (n = 3 WT 
cerebella / blot, see Figure 9). 
Table 1. Tissue pooling for SYN fraction triple replicate western blots (Figure 10-13) 
Brain 
region 
Pooling Sex of WTs Sex of KOs WTs / blot KOs / blot 
Ceb No Male Male n = 7 n = 7 
vHPC No Male Male n = 7 n = 7 
Amg 
3-5 mice / 
pool 
4 males, 3 females 4 males, 1 female n = 7* n = 5 
mPFC 
2-5 mice / 
pool 
2-3 males, 2 females 3 males, 1 female n = 4-5** n = 4 
Ceb: cerebellum, vHPC: ventral hippocampus, Amg: amygdala, mPFC: medial prefrontal cortex. *Two 
WT samples (one male, one female) in the first round were removed from analysis due to a technical 
issue. **One male WT sample had a volume that was enough only for one round. It was used in the 
third round. 
 
2.3. Protein concentration measurement using Coomassie Brilliant Blue staining 
 
Protein concentration of each sample was estimated by comparing them to a calibrator 
sample of known protein concentration (H calibrator: 24.63 µg/µL or SYN calibrator: 
5.89 µg/µL) using a Coomassie Brilliant Blue staining (De St. Groth et al. 1963). To 
achieve proper homogenisation, loading dye containing a reducing agent (LD) (Table 2) 
was added to each sample (1:3-1:4 final concentration). Samples were then incubated 
5 min at 85°C and 1-2 µL of each was suspended again into 5 µL of LD. After a 2 min 
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incubation at 85°C, the calibrator (5 or 10 µg into 5 µL LD) and samples were loaded into 
a 4-20% acrylamide® gel (Bio-Rad, Hercules, CA, USA). The gel was run at 120 V for 45-
60 min in Tris/Glycine/SDS (TGS) running buffer (Table 2) and incubated with Coomassie 
staining solution (Table 2) at 37°C for 30 min. The gel was then washed 6 x 15 min in 
Coomassie wash buffer (Table 2) and left overnight in the same buffer at +4°C. The next 
day, gels were scanned and densitometry of the strongest lane of bands was determined 
using ImageJ 1.50i software (Figure 7). We finally calculated the concentration of our 
samples based on the calibrator sample’s protein concentration and band intensity.  
Table 2. Reagents used for Coomassie staining and for western blot 
Loading dye (LD) 
4x Laemmli sample buffer (Bio-Rad, Hercules, CA, USA) with 
0.1 M DTT (Thermo Fisher Scientific, Waltham, MA, USA). 
Tris/Glycine/SDS (TGS) 
running buffer 
0.025 M Trizma® base (Sigma-Aldrich, St. Louis, MO, USA), 
0.192 M glycine (Sigma-Aldrich, St. Louis, MO, USA) and 0.1% 
SDS (Bio-Rad, Hercules, CA, USA), pH = 8.3.  
Coomassie staining solution 
0.1 % Coomassie Brilliant Blue dye in 10% acetic acid and 30-
50% ethanol 
Coomassie wash buffer 10% acetic acid and 30% ethanol  
Ponceau S Acid Red staining 0.1% Ponceau S in 5% acetic acid 
Stripping buffer 
62.5 mM Tris (pH = 7.5) with 2% SDS (Bio-Rad, Hercules, CA, 
USA) and 25 mM DTT (Thermo Fisher Scientific, Waltham, 
MA, USA) 
DTT: dithiothreitol, SDS:  sodium dodecyl sulfate 
 
2.4. Western blot 
 
To avoid degradation of the proteins caused by repeated boiling, samples (already 
containing 1:3-1:4 LD from the Coomassie measurement) were instead incubated at 
room temperature for 10-30 min. Based on the calculations from Coomassie staining, 
appropriate volumes of each sample was suspended into 5 µL LD. Samples were then 
incubated 2 min at 85°C, quickly loaded into wells of 4-20% polyacrylamide® gels (Bio-




Figure 7. Example Coomassie Brilliant Blue staining for protein concentration measurement. 
Acrylamide® gel with a 10 µg calibrator sample (cbr) and 14 ventral hippocampal SYN fraction 
samples of unknown protein concentrations stained with Coomasssie staining. Densitometry 
analysis was done on the boxed lane of bands. 
transferred into nitrocellulose membranes (Bio-Rad, Hercules, CA, USA) under semi-dry 
conditions using the manufacturer’s pre-programmed protocol of 7 minutes at 1.3-2.5 
A up to 25 V for proteins of molecular weights ranging 5-150 kDa (Trans-Blot® Turbo™ 
Transfer System, Bio-Rad, Hercules, CA, USA). Ponceau S Acid Red staining (Table 2) was 
used to detect successful transfer of protein (Figure 8). Membranes were then washed 
3 x 5 min with Tris-buffered saline (TBS) (25 mM Tris, 15.4 mM NaCl, pH = 7.4), followed 
by 3 x 5 min washes with TBS-T (TBS with 0.1% TWEEN® 20, Sigma-Aldrich, St. Louis, 
MO, USA). Membranes were then incubated for 1 h in saturation solution depending on 
the primary antibody (Table 3) followed by overnight or over the weekend incubation 
at +4°C with primary antibody (rotation). The next day, membranes were washed 3 x 5 
min with TBS-T and then incubated with secondary antibodies conjugated to horse 
radish peroxide (HRP) in the same saturation solution used for the primary antibody 
(Table 3). After 1.5 h incubation at room temperature, membranes were washed 3 x 5 
min with TBS-T and then 2 x 5 min with TBS. To read bands of our proteins of interest, 1 
mL of each reagent from Pierce™ ECL Western Blotting Substrate (Thermo Fisher 
Scientific, Waltham, MA, USA) were mixed and distributed equally on the membrane. 
Chemiluminescence signal was read using either G:BOX from Syngene or BioSpectrum 
Imaging System from UVP. Membranes were washed with 2 x 5 min TBS and stripped 
when necessary (e.g. if the primary antibody used next was from the same species). 
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Stripping was done by membrane incubation in stripping buffer (Table 2) during 30 min 
at 65-70°C. After this, membranes were washed 2 x 5 min with TBS and prepared for the 
next primary antibody staining. 
 
Figure 8. Example of Ponceau S Acid Red staining to validate successful protein transfer. 
Nitrocellulose membrane with 14 ventral hippocampal SYN fraction samples stained with Ponceau 
S. Schematic ladder adapted from manufacturer’s product information booklet (Thermo Fisher 
Scientific, Waltham, MA, USA). Lad: Prestained Protein Ladder. 
Concerning blot image analysis, background noise was reduced using Corel PHOTO-
PAINT 2017 software and densitometry of blot bands were analysed using ImageJ 1.50i 
software. Optical densitometry results of proteins of interest were normalised using a 
ubiquitous protein densitometry result (actin, beta [ACTB]). 
 
2.5. Statistical analyses 
 
IBM SPSS Statistics24 software was used to run statistical analysis on the data. Data was 
assumed to be normally distributed. Hence, independent Student’s t-test was used to 









Table 3. Antibodies and saturation solutions used in western blot 
Antigen Company Catalogue no. Host animal AB type Concentration Saturation solution 
ACTB Sigma-Aldrich, St. Louis, MO, USA A1978 Mouse Primary 1:2000 10 % milk in TBS-T 
GRIK2/3 Merck Millipore, Darmstadt, Germany 04-921 Rabbit Primary 1:1000 10 % milk in TBS-T 
GRIK5 Merck Millipore, Darmstadt, Germany 06-315 Rabbit Primary 1:1000 10 % milk in TBS-T 
NETO2 
Gift from prof. R.R. McInnes, McGill University, 
Montréal, QC, Canada 
 Rabbit Primary 1:1000 10 % milk in TBS-T 
DLG4 Santa-Cruz Biotechnology, Dallas, TX, USA sc-32290 Mouse Primary 1:1000 3% BSA in TBS-T 
SYP Sigma-Aldrich, St. Louis, MO, USA S5768 Mouse Primary 1:300 5% BSA in TBS-T 
Rabbit AB 
Jackson ImmunoResearch, West Grove, PA, 
USA 
111-035-144 Goat Secondary 1:5000 Same as primary AB 
Mouse AB 
Jackson ImmunoResearch, West Grove, PA, 
USA 
115-035-146 Goat Secondary 1:5000 Same as primary AB 








3.1. Successful synaptosomal protein enrichment 
 
To validate the synaptosomal enrichment method, we first compared the protein level 
of obtained H and SYN fractions from WT cerebellum samples. The reason why we used 
cerebellum is because of its high Neto2 expression and NETO2 protein level (Michishita 
et al. 2004, Straub et al. 2011, Tang et al. 2012), and thus we justified it as a positive 
control. Ubiquitously expressed ACTB protein served as an inter-sample control for 
equal total protein loading, which successfully showed no statistically significant 
difference between fractions in either blot (Reference blot: P = .07 and KAR blot: P = 
.39) (Figure 9A-D). Pre- and postsynaptic markers (i.e. SYP and DLG4, respectively, Figure 
3), and our proteins of interest (i.e. NETO2, GRIK2/3 and GRIK5) were used to confirm 
the actual enrichment. SYN fraction contains both pre- and postsynaptic compartments. 





Figure 9.  Successful enrichment of synaptosomal proteins.  A-B. Reference blots. C-D. KAR blots. 
Full blots in Appendix 1. A & C: Western blots of H and SYN fractions from WT cerebella. B & D:. 
Protein level of (B) DLG4, SYP, NETO2, (D) GRIK2/3 and GRIK5 normalised using ubiquitously 
expressed ACTB. Error bars represent +/- 1 standard error of the mean. n = 3 males / blot. 
a successful SYN fractionation (P = .03 for both proteins) (Figure 9A and 9B). Our proteins 
of interest NETO2, GRIK2/3 and GRIK5 are also known to be concentrated at synapses. 
Therefore, as expected, they also showed enrichment in SYN fraction compared to the 
H fraction (P = .04, .004 and .001, respectively) (Figure 9A-D).  
 
3.2. KAR subunit abundance in cerebellum and fear-related brain regions is not 
affected by NETO2 absence 
 
We next tested our main question, i.e. the effect of Neto2 ablation on KAR abundance 
at synapses in fear-related brain regions. Additionally, we were interested in the 
cerebellum, since Neto2 KO mice show a 40% reduction of GRIK2 subunit containing 
KARs at the postsynaptic density (PSD) in this brain region (Tang et al. 2012). As both 
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Neto2 expression and NETO2 protein level is the highest in cerebellum compared to 
other brain regions (Michishita et al. 2004, Straub et al. 2011, Tang et al. 2012), we 
wanted to test if its ablation also affects KAR subunits in SYN fractions (i.e. contain both 
pre- and postsynaptic fractions). We confirmed NETO2 absence from the KO mice 
cerebella (P = .000003) (Figure 10). Nevertheless, there was no statistically significant 
difference in GRIK2/3 (P = .41) or GRIK5 (P = .77) abundance between genotypes in the 
cerebellum (Figure 10B). Thus it seems that the GRIK2 reduction observed by Tang et al. 
(2012) is specific to PSD. 
 
Figure 10. Synaptic KAR subunit abundance in cerebellum is unaffected by NETO2 absence. 
A. Representative blots of cerebellar SYN fractions from Neto2 WT and KO mice. Full blots in 
Appendix 2. B. Protein level of GRIK2/3, GRIK5 and NETO2 normalised using ubiquitously expressed 
ACTB. Each sample value was obtained from three blot replicates (WT n = 7, KO n = 7). Error bars 
represent +/- 1 standard error of the mean.  
The neural circuitry underlying learning in the fear conditioning paradigm includes an 
interplay between the vHPC, amygdala and mPFC, as reviewed by Maren and Holmes 
(2016). Consequently, we investigated these brain regions, starting with the vHPC, 
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which is important for the representation of the context of acquired fear memory 
(Maren & Holmes 2016). We confirmed NETO2 absence from the KO mice vHPC (P = 
.0004) (Figure 11). As observed in the cerebellum, there was no statistically significant 
difference in GRIK2/3 (P = .44) or GRIK5 (P = .46) abundance between genotypes in the 
vHPC (Figure 11B). 
 
Figure 11. Synaptic KAR subunit abundance in vHPC is unaffected by NETO2 absence. 
A. Representative blots of ventral hippocampal SYN fractions from Neto2 WT and KO mice. Full blots 
in Appendix 3. B. Protein level of GRIK2/3, GRIK5 and NETO2 normalised using ubiquitously 
expressed ACTB. Each sample value was obtained from three blot replicates (WT n = 7, KO n = 7). 
Error bars represent +/- 1 standard error of the mean.  
Amygdala is crucial for fear conditioning, as it is the center of emotional learning (Maren 
& Holmes 2016). As for the other brain regions we investigated, we confirmed NETO2 
absence also from KO mice amygdalae (P = .008) (Figure 12). Contrary to our hypothesis, 
we also did not observe statistically significant difference in GRIK2/3 (P = .40) or GRIK5 
(P = .81) abundance between genotypes in the amygdala (Figure 12B). However, due to 
pooling, the final number of samples was lower for the amygdala compared to the other 
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brain regions. In addition, we also observed a high variation between samples (Figure 
12B). Therefore, our statistical power was likely insufficient to detect possible small 
changes in GRIK2/3 and GRIK5 abundance between WT and KO mice (Figure 12B). 
 
Figure 12. Synaptic KAR subunit abundance in amygdala is unaffected by NETO2 absence. 
A. Representative blots of amygdalar SYN fractions from Neto2 WT and KO mice. Full blots in 
Appendix 4. B. Protein level of GRIK2/3, GRIK5 and NETO2 normalised using ubiquitously expressed 
ACTB. Each sample value was obtained from three blot replicates (WT n = 7, KO n = 5). Error bars 
represent +/- 1 standard error of the mean.  
Finally, we studied the mPFC, which plays an important role in fear memory extinction 
and fear expression (Maren & Holmes 2016). Also in this brain region we confirmed 
NETO2 absence from KO mice (P = .008) (Figure 13). As in the other brain regions we 
investigated, there was no statistically significant difference in GRIK2/3 (P = .21) and 
GRIK5 (P = .14) abundance between genotypes in the mPFC either (Figure 13B). 
However, limiting factors were present, such as a small number of samples and a high 
variation between samples (Figure 13B). Thus, once again, our statistical power was 
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possibly insufficient to detect potential small differences in GRIK2/3 and GRIK5 
abundance between WT and KO mice (Figure 13B). 
 
Figure 13. Synaptic KAR subunit abundance in mPFC is unaffected by NETO2 absence. 
A. Representative blots of mPFC SYN fractions from Neto2 WT and KO mice. Full blots in Appendix 5. 
B. Protein level of GRIK2/3, GRIK5 and NETO2 normalised using ubiquitously expressed ACTB. Each 
sample value was obtained from three blot replicates (WT n = 4-5, KO n = 4). Error bars represent +/- 





This study investigated the molecular basis of the higher fear expression and impaired 
fear extinction phenotype previously observed in Neto2 KO mice. We hypothesised that 
this phenotype could be partly due to reduced KAR subunit levels at synapses of fear-
related brain regions (i.e. vHPC, amygdala and mPFC) (Maren & Holmes, 2016) (Figure 
1). Neto2 is highly expressed in cerebellum (Michishita et al. 2004, Tang et al. 2012), 
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thus we also measured KAR subunit abundance in this brain region. Moreover, a 
previous study demonstrated a 40% reduction of GRIK2 subunit containing KARs at 
cerebellar PSD of Neto2 KO mice (Tang et al. 2012).  
In this study we used an enrichment method that allowed us to investigate protein 
abundance at pre- and postsynaptic compartments (i.e. synaptosome or SYN fraction) 
and we determined protein concentrations semi-quantitatively using western blot. 
Restricted by commercially available antibodies, we investigated GRIK2/3 and GRIK5 
subunit levels in SYN fractions of Neto2 WT and KO mice. We first confirmed 
synaptosome enrichment in obtained SYN fractions using well-known pre- and 
postsynaptic markers SYP and DLG4, which recognise presynaptic vesicles and the 
postsynaptic density, respectively (Figure 3). 
We did not observe any statistically significant differences between genotypes for 
GRIK2/3 and GRIK5 levels in any of the four brain regions. These results are discussed 
further in the context of the literature. 
 
4.1. Enrichment validation using synaptosome markers  
 
We validated our synaptosomal enrichment method using pre- and postsynaptic 
markers SYP and DLG4. These two proteins play specific roles at synapses and are 
commonly used as markers for synaptosomal enrichment. SYP is a vesicular 
transmembrane protein that is present only at presynaptic compartment and DLG4 is a 
protein that interacts with receptors, ion channels and many other proteins at the 
postsynaptic compartment (Figure 3). As expected, the abundances of these markers 
were higher in SYN fractions compared to tissue homogenates (H), and thus confirming 
the enrichment.  
We decided that the SYP and DLG4 markers were sufficient to validate enrichment of 
our SYN fractions, as our method was based on previously published studies (Filiou et 
al. 2010, Maccarrone & Filiou 2015). They validated the synaptosomal enrichment by 
showing the change of specific compartment markers along the process of subcellular 
fractionation, i.e. they compared synaptosomes to fractions obtained earlier in the 
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protocol (e.g. nuclear fraction [P2] and SYN-fraction-free supernatant [S3], see Figure 6) 
by using markers such as synaptosome-specific DLG4 and non-synaptosomal marker 
myelin basic protein (MBP). An additional method for confirming obtainment of 
synaptosomes would be to visualise subcellular components in our SYN fractions by 
using electron microscopy. SYN fractions contain synaptic membranes, mitochondria, 
synaptic vesicles, PSDs and black bodies, which are probably condensed nerve-ending 
particles (Gray & Whittaker, 1962). 
 
4.2. NETO2 absence does not affect KAR subunit abundance in cerebellum 
 
NETO2 is highly abundant in cerebellum (Straub et al. 2011) and has been previously 
shown to modulate and/or stabilise KAR subunit abundance in cerebellar PSD fractions 
(Tang et al. 2012). Nonetheless, we did not observe any statistically significant 
difference in GRIK2/3 or GRIK5 abundance between genotypes in our SYN fractions. 
Interestingly, Tang et al. (2012) demonstrated a 40% reduction in GRIK2 subunit 
containing KARs in Neto2 KO cerebellar PSD fractions. Notably, they performed a PSD 
fraction enrichment method while we obtained synaptosomes, and thus these studies 
are not technically comparable. Also, absence of NETO2 could change GRIK2 abundance 
in opposite directions at pre- and postsynaptic compartments, explaining the 
discrepancy between our results and the Tang et al. (2012) study. Furthermore, we used 
an antibody that recognises both GRIK2 and GRIK3 subunits while they used an antibody 
directed specifically against GRIK2. This technical difference may thus also contribute to 
the different observations of these studies, especially if GRIK3 abundance goes in an 
opposite direction (i.e. increased abundance when NETO2 is absent).  
To conclude, against our expectations, Neto2 ablation did not affect abundance of KAR 
subunits that show the highest expression level in cerebellum (i.e. Grik2 and Grik5) 
(Watanabe-Iida et al. 2016). It is particularly interesting that GRIK2 and GRIK3 are not 
affected, since the protein levels of both are the highest in cerebellar PSD fraction 
compared to other KAR subunits (Watanabe-Iida et al. 2016). Whether regulation of 
synaptic KAR subunit abundance is achieved through regulation of KAR synaptic 
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targeting is not known, as it has never been clearly demonstrated. On one hand, the 
reduction of GRIK2 in Neto2 KO cerebellar PSD fractions observed by Tang et al. (2012) 
suggests a role for NETO2 in synaptic targeting of KARs. On the other hand, Zhang et al. 
(2009) showed that over-expression of Neto2 in Xenopus laevis oocytes was unable to 
enhance GRIK2 surface trafficking. Also, Palacios-Filardo et al. (2014) conclude that 
while NETO2 may promote synaptic localisation of endogenous KARs containing low-
affinity subunits, they are unlikely to underlie synaptic trafficking of these receptors. 
Moreover, a recent study demonstrated that GRIK2/3 and GRIK5 levels were unaltered 
in cerebellar PSD-enriched fractions of Neto2 KO mice (Straub et al. 2016). Thus, these 
studies concur with our observation in cerebellar synaptosomes. Interestingly, the 
opposite has been shown, i.e. GRIK2 regulates NETO2 abundance at cerebellar PSD 
(Straub et al. 2016) and at the surface of cerebellar granule cells (Zhang et al. 2009). 
Taken together, we did not detect an effect of NETO2 on KAR abundance in cerebellar 
synaptosomes, but these results also do not allow us to clearly demonstrate a 
nonexistent role for Neto2 in KAR subunit synaptic targeting in cerebellum.  
 
4.3. KAR subunit abundance is unaffected in fear-related brain regions of Neto2 
KO mice 
 
The higher fear expression and impaired fear extinction in Neto2 KO mice lead us to 
investigate KAR subunit abundance specifically in the fear-related brain regions (i.e.  
vHPC, amygdala and mPFC) (Figure 1). We did not observe statistically significant 
difference in GRIK2/3 or GRIK5 abundance between genotypes in any of these three 
brain regions. In the vHPC, these results are in agreement with a previous study, where 
NETO2 absence does not affect GRIK2 and GRIK5 abundance at hippocampal PSD (Tang 
et al. 2011). Also, a behavioural study from the Hovatta group demonstrated that Neto2 
ablation does not affect the context memory retained from fear conditioning, mostly 
regulated by the HPC (Mennesson et al. manuscript in preparation). In conclusion, our 
results correlate with theses previous studies and we show that NETO2 does not 
regulate GRIK2/3 or GRIK5 abundance specifically at vHPC synapses either. Instead, 
NETO2’s role in the HPC may be mainly attributed to synaptic targeting of GRIK1, which 
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is a previously established role for NETO2 in this brain region (Copits et al. 2011, Sheng 
et al. 2015, Lomash et al. 2017). In the amygdala and mPFC, our results show that 
GRIK2/3 and GRIK5 are present at synaptosomes even when NETO2 is absent and that 
there is no statistically significant difference in their synaptic abundance between 
genotypes. However, variation was particularly large for these two brain regions 
(Figures 12B and 13B), and thus we may not have enough statistical power to detect 
changes in KAR subunit levels. Still, a potential reduction in synaptic GRIK5 level was 
observed for KO mice mPFCs (39% mean reduction, P = .14), which may alter 
neurotransmission and/or neuron excitability in this brain region. In line with the 
importance of mPFC in fear expression and extinction memory, this could explain the 
phenotype observed in Neto2 KO mice. If the potentially reduced abundance is specific 
to either pre- or postsynaptic membrane, it can be clarified by performing further 
subcellular fractionation to separate the two compartments. Also, we do not know if 
there are compensatory mechanisms in the absence of NETO2 e.g. by NETO1, which 
may moderate a reduction in KAR subunits. Thus, it would be interesting to investigate 
KAR subunit abundance in Neto1/Neto2 double-KO (DKO) mice to see if this may further 
reduce KAR subunit abundance in mPFC. Alternatively, abundance of other KAR subunits 
not studied here due to the absence of available specific antibodies (i.e. GRIK1 and 
GRIK4) may be affected and contribute towards the fear-phenotype in Neto2 KO mice. 
In conclusion, NETO2 absence does not affect GRIK2/3 and GRIK5 abundance at 
synaptosomes in fear-related brain regions, but the statistical power may have been 
insufficient to detect changes in their abundances in amygdala and mPFC. Some studies 
support the idea of NETO proteins affecting KAR subunit abundance, while others do 
not (Zhang et al. 2009, Tang et al. 2011, Tang et al. 2012, Pahl et al. 2014, Straub et al. 
2011, Straub et al. 2016). These seemingly contradictory observations may be attributed 
to different experimental conditions, subunits and cell types, which leaves NETOs’ role 
in KAR synaptic targeting still unresolved (Pahl et al 2014, Evans et al. 2017). It is known, 
however, that NETO2 modulate KAR biophysical properties, such as desensitisation, 
current frequency, decay kinetics, inward rectification and agonist sensitivity (Zhang et 
al. 2009, Straub et al. 2011, Fisher & Mott 2012), and thus KAR function may change in 
Neto2 KO mice while KAR subunit abundance remains unaffected.  
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4.4. Strengths and limitations 
 
This is the first study that investigated KAR subunit abundance in the vHPC, amygdala 
and mPFC in Neto2 KO mice. As such, it can provide practical guidance for future 
experiments on these brain regions. Presynaptic membranes were included in our 
synaptosomal fractions, which therefore include presynaptic KARs, while previous 
studies have investigated mostly PSD enriched fractions. Nonetheless, separating pre- 
and postsynaptic sites for comparison is preferred. Furthermore, although western blot 
is only a semi-quantitative method, it is presumably sufficient for our purposes of 
demonstrating protein enrichment and abundance.  
However, western blot does not come without methodological challenges. A major 
challenge in this study was the small sizes of the amygdala and mPFC punches. Punches 
had to be pooled in order to obtain samples with adequate protein concentration and a 
limited number of animals were available (on average, 20 animals made only 5 pooled 
samples). This is also why we had to analyse pools of male and female mice together to 
achieve a higher n. Clearly, pooling sexes together is not ideal, but at least both sexes of 
the Neto2 KO mice had shown higher fear expression and impaired fear extinction in 
the fear conditioning paradigm carried out previously by Marie Mennesson. 
Furthermore, boiling of the samples gave rise to smearing on the membranes for at least 
GRIK2/3 and GRIK5 blots, which may indicate affected integrity of sample proteins. 
Another strength of our study is that we replicated our synaptosomal blots three times 
to increase the validity of the results. However, comparing blot to blot introduces 
within-sample variation, since many factors during western blot (e.g. protein loading, 
protein transfer efficiency, signal exposure, background signal, stripping efficiency etc.) 
can cause variations in the results. Nonetheless, we controlled for some of these 
potential causes of variation. For example, variation due to sample position on blot was 
controlled by changing the position for every sample in each blot.  
Apart from these technical difficulties, the statistical analysis used needs to be 
interpreted with caution. The small number of samples (particularly for amygdala and 
mPFC) make the use of statistical analyses questionable as t-test should only be used 
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for normally distributed data. Testing for normal distribution on a small number of 
samples was problematic, and thus, normal distribution was assumed without proper 
confirmation. 
 
4.5. Future directions 
 
Further experiments are required to validate if there is indeed no change in GRIK2/3 or 
GRIK5 abundance at synapses in Neto2 KO mice in the four brain regions studied here 
(i.e. increase sample number, separate sexes, increase subcellular specificity and avoid 
boiling samples before using them in SDS-PAGE). Confirming a potential GRIK5 reduction 
in mPFC of Neto2 KO mice is particularly interesting, as the effect of Neto2 ablation on 
behaviour could stem from this region. Alternatively, abundance of other KAR subunits 
not studied here (i.e. GRIK1 and GRIK4) may be affected. However, even if all KAR 
subunit levels may be unaffected by Neto2 ablation, another possibility is an altered KAR 
function, which could give rise to changes in neurotransmission and/or neuron 
excitability. These biophysical properties can be examined through electrophysiological 
recordings in brain slices in vitro, offering a more controlled, cell-specific environment 
to differentiate pre- and postsynaptic neurons. For example, intrinsic excitability of 
infralimbic area (IL) in mPFC would be interesting to investigate, as it changes in 
opposite directions to allow for expression of conditioning memory or extinction 
memory (Santini et al, 2008, Bloodgood et al. 2018). A more challenging approach would 
be electrophysiological recordings in vivo while Neto2 WT and KO mice are undergoing 
cued fear conditioning, as this is when the phenotype appears. Furthermore, using 
specific antibodies (i.e. GRIK2- and GRIK3-specific antibodies in our case) is of 
importance, as a possible role for NETO proteins in synaptic targeting of KARs most likely 
is subunit dependent. Finally, investigating synaptic location (i.e. pre- or postsynaptic) 
and abundance of KAR subunits in Neto2 KO mice by immunological labelling using gold 
molecules and electron microscopy may be of interest to expose more anatomically 






We observed no statistically significant difference in GRIK2/3 and GRIK5 synapse 
abundance between genotypes in any of the four tested brain regions (i.e. cerebellum, 
vHPC, amygdala and mPFC). However, our statistical power may have been insufficient 
to detect genotypic differences in KAR subunit levels particularly in amygdala and mPFC. 
The effect of NETO2 absence on these subunit levels, including the potentially reduced 
GRIK5 level in mPFC, could be confirmed by increasing sample sizes and reducing inter-
sample variation. Also, changes in abundance might be specific to certain cells, to either 
pre- or postsynaptic compartment and/or specific to a certain KAR subunit. Therefore, 
future experiments with higher cellular and subcellular specificity and specific anti-GRIK 
antibodies (when these are available) are suggested to confirm these possibilities. 
Electrophysiological recordings of brain slices in vitro can also be performed after cued 
fear conditioning to reveal potential changes in e.g. intrinsic excitability of neurons in 
mPFC to advance the understanding of the mechanism behind the Neto2 KO fear-
phenotype. Unraveling how a molecular system without NETO2 gives rise to higher fear 
expression and a fear extinction deficit in mice may lead to a better understanding of 
fear-related disorders in human. As NETOs regulate KAR actions and their cellular 
localisation, targeting NETO proteins could provide new and attractive therapeutics 
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6. Supplementary material 
 




















Appendix 1. Full synaptic protein enrichment blots. A. Reference (REF) western blots of homogenate (H) and SYN fractions from male WT cerebella (samples 1-
3), using antibodies for ACTB, DLG4, synaptophysin (SYP) and NETO2 (n = 3 mice / blot). Respective image of ladder superimposed on respective blot. B. KAR 
western blots of H and SYN fractions from male WT (n = 3 mice / blot) and KO cerebella (n = 3 mice / blot), using antibodies for ACTB, GRIK2/3 and GRIK5. 















Appendix 2. Full cerebellum triplicate SYN blots. Western blots of cerebellar SYN fractions from Neto2 WT (n = 7 / blot) and KO (n = 7 / blot) mice, using antibodies 
for ACTB, GRIK2/3, GRIK5 and NETO2 three times each. Respective image of ladder in third blot superimposed on respective blot. Schematic ladder adapted from 



















Appendix 3. Full vHPC triplicate SYN blots. Western blots of ventral hippocampal (vHPC) SYN fractions from Neto2 WT (n = 7 / blot) and KO (n = 7 / blot) mice, using 
antibodies for ACTB, GRIK2/3, GRIK5 and NETO2. Ladder images in third blots are superimposed on their respective blot. Schematic ladder adapted from 
manufacturer’s product information booklet (Thermo Fisher Scientific, Waltham, MA, USA). Lad: Prestained Protein Ladder. *A piece of paper towel covering the 95 


















Appendix 4. Full amygdala triplicate SYN blots. Western blots of amygdalar SYN fractions from Neto2 WT (n = 7 / blot) and KO (n = 5 / blot) mice, using antibodies 
for ACTB, GRIK2/3, GRIK5 and NETO2. Ladder images are superimposed on their respective blot. Schematic ladder adapted from manufacturer’s product information 
booklet (Thermo Fisher Scientific, Waltham, MA, USA). Lad: Prestained Protein Ladder. **Two WT samples (one male, one female) in the first round were removed 

















Appendix 5. Full mPFC triplicate SYN blots. Western blots of medial prefrontal cortical (mPFC) SYN fractions from Neto2 WT (n = 4-5 / blot) and KO (n = 4 / blot) mice, 
using antibodies for ACTB, GRIK2/3, GRIK5 and NETO2. Ladder images superimposed on their respective blot. One male WT sample had a volume that was enough 
only for one round. It was used in the third round. Schematic ladder adapted from manufacturer’s product information booklet (Thermo Fisher Scientific, Waltham, 
MA, USA). Lad: Prestained Protein Ladder. 
  
 
 
 
